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@ Neutrinos are massive and mix (similar to quark sector)
Vo = g Uaivi
i

@ Neutrino flavor evolution is given by a Schrodinger-like
equation

neutrino gases

i|o(t)) = (Ho + V) (1))
@ Nomally, neutrino-neutrino interactions are not of
importance

@ The effect of neutrino-neutrino interactions is non-linear
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@ Neutrino density is usually very low

Do @ The effect is of negligible interest to terrestrial applications

neutrino gases

@ Some extreme
environments are of

interest
@ Supernovae
@ The early Universe
@ Coalescing neutron
stars
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@ In a two-flavor treatment, a three-dimensional
representation is possible

@ The polarization vectors P and P descibe the flavor
content of neutrinos and anti-neutrinos, respectively

@ The z-components of these vectors are related to the
flavor number densities

@ The polarization vectors rotates around a vector
determined by the Hamiltonian of the system
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@ Inverted neutrino mass hierarchy (non-zero vacuum
mixing)

@ No flavor conversion in normal mass hierarchy
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@ With a transformation of variables, the equations of
motion are equivalent to those of a spherical pendulum
with varying moment of inertia
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o In this analogy, the difference vector D = P — P acts as
the angular momentum

@ In the standard case, D rotates around the vacuum
hamiltonian vector, leading to essentially conserved D,

@ The potential energy of the pendulum is essentially
wB - (P + P), where w is the vacuum oscillation frequency
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background
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Siennow @ For all simulations, we assume that no vacuum mixing is

present — Note: No conversion in standard case

@ In the pendulum analogy, the NSI act as an external force
on the system

Nonstandard
interactions

and their @ The strength of NSI relative vacuum oscillations: |u,&g|
implications . .

P vs. |wl|, where g is the NSI strength relative weak
interactions

@ For typical supernova neutrino energies, |w| ~ 0.3 km~!

@ We use £ = 0.25, thus the NSI strength is comparable to
the vacuum oscillation strength at the neutrino sphere
when g ~ 104

We thus consider g < 10™* the small NSI regime
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@ g =107 or even smaller is enough to trigger the
instability — flavor conversion in the inverted mass
hierarchy

@ Otherwise, the standard scenario is recovered
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@ The NSI act as an external force on the pendulum, making
it oscillate rapidly in the beginning of the evolution while
not preserving D,
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implications

@ The flavor asymmetry for intermediate g = 1072 erases
the initial flavor asymmetry

@ The oscillations are damped out when w starts dominating

@ The standard interactions then provide the usual potential,
splitting the cases of normal and inverted hierarchy
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o For large g = 1, the final D, is unpredictable

@ The standard potential effect takes over in the end
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@ For g = 1072, the matter term has stabilized the initial
system

@ The evolution proceeds more or less as in the standard case

@ The NSI is still enough to provide the initial instability,
leading to flavor conversions for the inverted mass
hierarchy
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@ For large NSI, the standard matter effect may not be
enough to completely stabilize the system

@ This again leads to some amount of flavor equilibration
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@ For a realistic supernova

@ The matter stabilization is present for (most) realistic cases
N, o The NSI will be able to initiate the standard dynamics
interactions even if there is no vacuum mixing

implications @ Some exceptions may exist, such as O-Ne-Mg progenitors
with rapidly decresing density profiles

@ Would require a detailed study
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Summary

Four-neutrino
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@ We have studied the effect of nonstandard neutrino
self-interactions in dense neutrino gases

@ We have considered both the case of vacuum or matter
backgrounds

T @ We found that the nonstandard interactions can lead to a
conclusions .y . . .
flavor equilibration, especially in vacuum
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@ For small nonstandard interactions, the standard dynamics
can be initiated even if there is no vacuum mixing

@ Matter effects will in general be able to stabilize the
system

@ The standard flavor evolution of supernova neutrinos is

Summary and relatively stable to NSI

conclusions

@ Some exceptions may exist
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